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Abstrat
A spei universal shape of empirial mass formula is proposed for all leptons ν1, ν2, ν3
and e−, µ−, τ− as well as all quarks u, c, t and d, s, b of three generations, parametrized
by three free onstants µ, ε, ξ assuming four dierent triplets of values. Four suh triplets
of parameter values are determined or estimated from the present data. Mass spetra in
the four ases are related to eah other by shifting the triplet of parameters µ, ε, ξ. For
harged leptons ξ ≃ 0 (but probably ξ 6= 0). If for them ξ is put to be exatly 0, then
mτ = 1776.80 MeV is predited after the input of experimental me and mµ (the entral
value of experimental mτ = 1776.99
+0.29
−0.26 MeV orresponds to ξ = 1.8 × 10−3 6= 0). For
neutrinos 1/ξ ≃ 0 (but 1/ξ 6= 0 in the ase of normal hierarhy m2ν1 ≪ m2ν2 ≪ m2ν3). If for
neutrinos 1/ξ is onjetured to be exatly 0, then (mν1, mν2 , mν3) ∼ (1.5, 1.2, 5.1)× 10−2
eV are predited after the input of experimental estimates |m2ν2 −m2ν1 | ∼ 8.0 × 10−5 eV2
and |m2ν3 −m2ν2 | ∼ 2.4× 10−3 eV2. Thus, the mass ordering of neutrino states 1 and 2 is
then inverted, while the position of state 3 is normal.
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1. Introdution
Some time ago we have found an eient two-parameter mass formula for harged
leptons, prediting reasonably the mass mτ from the input of experimental masses me
and mµ [1℄. Then, we have extended this formula to up and down quarks, introduing
neessarily a third parameter [2℄. Reently, we have onsidered a few versions of two- and
three-parameter mass formula for ative neutrinos [3℄. In the present paper, we propose a
spei universal shape of empirial mass formula for all leptons ν1, ν2, ν3 and e
−, µ−, τ−
as well as all quarks u, c, t and d, s, b of three generations, parametrized by three free
onstants assuming four dierent sets of three values. This mass formula reads :
mi = µ ρi
(
N2i +
ε− 1
N2i
− ξ
)
(i = 1, 2, 3) , (1)
where the numbers
N1 = 1 , N2 = 3 , N3 = 5 (2)
and
ρ1 =
1
29
, ρ2 =
4
29
, ρ3 =
24
29
(3)
(
∑
i ρi = 1) are xed elements in all four ases, while µ, ε, ξ are three free parameters
that take four dierent sets of three parameter values (the normalized frations ρi may
be alled "generation-weighting fators"). Here,
(m1, m2, m3) =


(mν1, mν2 , mν3) for active neutrinos,
(me , mµ , mτ ) for charged leptons,
(mu , mc , mt ) for up quarks,
(md , ms , mb ) for down quarks
(4)
are experimental masses (as we know them). Stritly speaking, mνi in Eq. (1) are neutrino
Dira masses m
(D)
νi , subjet to realulation into ative-neutrino masses mνi . The ative
mass neutrinos νi (i = 1, 2, 3) are related to the ative weak-interation neutrinos να (α =
e−, µ−, τ−) through the familiar unitary transformation να =
∑
i Uαiνi.
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From Eq. (1), rewritten in the expliit form
m1 =
µ
29
(ε− ξ) , (5)
m2 =
µ
29
4
9
(80 + ε− 9 ξ) , (6)
m3 =
µ
29
24
25
(624 + ε− 25 ξ) , (7)
we an evaluate the parameters:
µ =
29 · 25
1536 · 6
[
m3 − 6
25
(27m2 − 8m1)
]
, (8)
ε = 10
m3 − 6125(351m2 − 904m1)
m3 − 625(27m2 − 8m1)
, (9)
ξ = 10
m3 − 6125(351m2 − 136m1)
m3 − 625(27m2 − 8m1)
, (10)
and nd also the mass sum rule:
m3 =
1
1− ξ/10
6
125
[351(1− ξ/26)m2 − 136(1− ξ/34)m1] . (11)
Note also the relations
µ =
29m1
ε− ξ =
1
1− ξ/10
29(9m2 − 4m1)
320
(12)
and
ε− ξ = (1− ξ/10) 320m1
9m2 − 4m1 (13)
following from the formula (1).
Sine the shape mi = Fi(µ, ε, ξ) (i = 1, 2, 3) of mass formula (1) is the same in four
ases of fundamental fermions, the four mass spetra of them are related to eah other by
shifting the set of three parameters µ, ε, ξ. Three parameters µ, ε, ξ, assuming four dier-
ent sets of three parameter values, determine four mass spetra of fundamental fermions.
Then, the mass formula (1) gives mfi = Fi(µ
(f), ε(f), ξ(f)) (i = 1, 2, 3), where f = ν, l, u, d
labels four kinds of fundamental fermions: neutrinos, harged leptons, up quarks and
down quarks, respetively (the funtion Fi(µ, ε, ξ) is universal i.e., independent of the
2
label f). Stritly speaking, in the ase of neutrinos, the mass formula (1) gives diretly
three neutrino Dira masses m
(D)
νi (i = 1, 2, 3) that generially ought to be realulated
afterwards into three physial ative-neutrino masses mνi (i = 1, 2, 3) through the seesaw
mehanism (or another analogial proedure).
The mass formula (1) may lead to some spei preditions for mf1 , mf2, mf3 (some
spei relations for them), if not all three µ(f), ε(f), ξ(f) for a partiular f are really
free parameters, for instane, if one of them happens to be xed (e.g., if ξ(l) = 0 or if
1/ξ(ν) = 0), while two others remain free parameters determined by the input of two of
mf1 , mf2 , mf3 and so, predit the third of these masses through the formula (1).
2. Charged leptons
In this ase, the experimental masses are [4℄
me = 0.5109989 MeV , mµ = 105.65837 MeV , mτ = 1776.99
+0.29
−0.26 MeV . (14)
Thus, from Eqs. (8) and (9) we nd (with the entral value of mτ )
µ = 86.0076 MeV , ε = 0.174069 , (15)
and from Eq. (12)
ε− ξ = 29me
µ
= 0.172298 . (16)
Hene,
ξ ≡ ε− (ε− ξ) = 1.771× 10−3 = 1.8× 10−3 . (17)
The same value of ξ follows from Eq. (10). Notie that ξ for harged leptons is very small
with respet to the terms N2i + (ε− 1)/N2i in Eq. (1).
If we put for harged leptons exatly ξ = 0, we evaluate from Eqs. (12) and (13)
µ =
29(9mµ − 4me)
320
= 85.9924 MeV (18)
and
ε =
320me
9mµ − 4me = 0.172329, (19)
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respetively, and predit from Eq. (11) [1℄
mτ =
6
125
(351mµ − 136me) = 1776.80 MeV (20)
in a very good agreement with experimental mτ given in Eq. (14). In alulating the
values (18) and (19) for µ and ε we use as an input only the experimental me and mµ. Of
ourse, we reprodue exatly all three values (14) of masses me, mµ and mτ (its entral
value), when we make use of three exat values (15) and (17) of parameters µ, ε and ξ.
3. Up and down quarks
In the ase of up and down quarks, the medium experimental mass values are [4℄
mu ∼ 2.8 MeV , mc ∼ 1.3 GeV , mt ∼ 174 GeV (21)
and
md ∼ 6 MeV , ms ∼ 110 MeV , mb ∼ 4.3 GeV , (22)
respetively. Thus, using Eqs. (8), (9) and (10) we obtain
µ ∼ 13 GeV , ε ∼ 9.2 , ξ ∼ 9.2 (23)
and
µ ∼ 280 MeV , ε ∼ 7.5 , ξ ∼ 6.9 , (24)
respetively. More preisely,
ε− ξ = 29mu
µ
∼ 0.0062 , ε/ξ − 1 ∼ 6.7× 10−4 (25)
and
ε− ξ = 29md
µ
∼ 0.61 , ε/ξ − 1 ∼ 8.8× 10−2 , (26)
respetively. Of ourse, we an reprodue all quark masses (21) and (22), when we use
the values (23) and (24) of parameters µ, ε, ξ (and also Eqs. (25) and (26)).
We an see that for up and down quarks ξ ≃ ε (espeially for up quarks). If we put for
them exatly ξ = ε, we predit from Eq. (5) that mu = 0 and md = 0, and then evaluate
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from Eqs. (8) and (10) that µ ∼ 13 GeV and ε = ξ ∼ 9.2 for up quarks and µ ∼ 280 MeV
and ε = ξ ∼ 6.8 for down quarks.
4. Neutrinos
The situation for neutrinos may be dierent than for three other kinds of fundamental
fermions sine, being eletrially neutral, they may be Majorana fermions, in ontrast to
the others whih are Dira fermions. Denote by νi ≡ νiL and Ni ≡ νiR (i = 1, 2, 3) the
three ative (lefthanded) and three sterile (righthanded) mass neutrinos, and by mνi and
mNi their respetive masses, being eigenstates of the orresponding 3 × 3 mass matries
M (ν) and M (N) (in the avor basis). Of ourse, the righthanded-neutrino mass states Ni
must not be onfused with the numbers Ni = 1, 3, 5.
Assume that the seesaw mehanism works and that M (N) ommutes with the neutrino
Dira 3 × 3 mass matrix M (D) (in the avor basis), giving the neutrino Dira masses
m
(D)
νi (i = 1, 2, 3) as its eigenstates. Then, we an write
mνi = −
m
(D) 2
νi
mNi
, (27)
as a onsequene of the popular seesaw relation
M (ν) = −M (D) T 1
M (N)
M (D) (28)
with M (D) † = M (D) and M (N) T = M (N). Now, make (for simpliity) the onjeture
that the assumed ommutation [M (N),M (D)] = 0 is realized (trivially) by the matrix
proportionality M (N) = ζ M (D) with a very large parameter ζ > 0. This implies the
eigenvalue proportionality
mNi = ζm
(D)
νi
. (29)
Then, from Eqs. (27) and (29) we obtain
mνi = −(1/ζ)m(D)νi = −(1/ζ)2mNi . (30)
Hene, the ommutation [M (ν),M (N)] = 0. If mνi > 0, then it follows that mNi < 0
from Eq. (27) and m
(D)
νi < 0 from Eq. (30) (masses for relativisti spin-1/2 elds may be
negative, sine only masses squared an be physial).
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Now, onjeture for neutrino Dira masses m
(D)
νi our mass formula (1):
m(D)νi = µ ρi
(
N2i +
ε− 1
N2i
− ξ
)
(i = 1, 2, 3) . (31)
Then, making use of the seesaw relation (30) (valid in the ase of the proportionality
(29)), we obtain for ative neutrinos νi the following mass formula:
mνi = (µ ξ/ζ)ρi
[
1− (1/ξ)
(
N2i +
ε− 1
N2i
)]
(i = 1, 2, 3) . (32)
Hene, rewriting this formula in the expliit form
mν1 =
µ ξ/ζ
29
(1− ε/ξ) , (33)
mν2 =
µ ξ/ζ
29
4
[
1− 1
9
(1/ξ)(80 + ε)
]
, (34)
mν3 =
µ ξ/ζ
29
24
[
1− 1
25
(1/ξ)(624 + ε)
]
, (35)
we an evaluate the parameters µ ξ/ζ , ε , 1/ξ in terms of the ative-neutrino masses
mν1 , mν2, mν3 :
µξ/ζ = −29 · 125
1536 · 3
[
mν3 −
6
125
(351mν2 − 136mν1)
]
, (36)
ε = 10
mν3 − 6125(351mν2 − 904mν1)
mν3 − 625(27mν2 − 8mν1)
, (37)
1/ξ =
1
10
mν3 − 625(27mν2 − 8mν1)
mν3 − 6125(351mν2 − 136mν1)
, (38)
and nd also the mass sum rule:
mν3 =
1
1− 10/ξ
6
25
[27(1− 26/ξ)mν2 − 8(1− 34/ξ)mν1] . (39)
Note also the relations
µ ξ/ζ =
29mν1
1− ε/ξ =
1
1− 10/ξ
29
32
(9mν2 − 4mν1) (40)
and
1− ε/ξ = (1− 10/ξ) 32mν1
9mν2 − 4mν1
(41)
following from the mass formula (32).
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Unfortunately, in spite of the enormous progress in neutrino physis, data on neutrino
masses are still unsatisfatory. In fat, only the mass-squred dierenes are reasonably
well estimated [5℄:
|∆m221| ≡ |m2ν2 −m2ν1 | ∼ 8.0× 10−5 eV2 , |∆m232| ≡ |m2ν3 −m2ν2| ∼ 2.4× 10−3 eV2 , (42)
giving in the ase of normal hierarhy m2ν1 ≪ m2ν2 ≪ m2ν3 the estimations
mν2 ≡
√
∆m221 +mν1 ≃
√
∆m221 ∼ 8.9× 10−3 eV ,
mν3 ≡
√
∆m232 +∆m
2
21 +mν1 ≃
√
∆m232 +∆m
2
21 ∼ 5.0× 10−2 eV , (43)
when m2ν1 an be negleted (it annot be negleted e.g. for mν1 ∼ 1 × 10−3 eV, where
mν2 ∼ 9.0× 10−3 eV and mν3 ∼ 5.0× 10−2 eV). Their ratios are
∆m232
∆m221
∼ 30 , mν3
mν2
∼
√
30 = 5.5 . (44)
Sine in the ase of normal hierarhy m2ν1 ≪ m2ν2 ≪ m2ν3 the mass mν1 is very small,
onsider the following range of its possible value
mν1 ∼ (0 to 1)× 10−2 eV . (45)
Then, mν2 ∼ (8.9 to 9.0) × 10−3 eV and mν3 ∼ 5.0 × 10−2 eV (f. Eqs. (42)). In this
situation, we an evaluate from Eq. (36)
µξ/ζ ∼ (7.9 to 7.5)× 10−2 eV , (46)
from Eq. (37)
ε ∼ (120 to 89) (47)
and from Eq. (38)
1/ξ ∼ (8.1 to 6.9)× 10−3 , ε/ξ ∼ (1 to 0.61) . (48)
Of ourse, we an reprodue all ative-neutrino masses mν1 , mν2, mν3 , if we know adequate
values of the parameters µ, ε, ξ.
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It is interesting to notie that, in the ase of normal hierarhy m2ν1 ≪ m2ν2 ≪ m2ν3,
the parameter 1/ξ for neutrinos is very small, though not 0 (f. Eqs. (48)). In ontrast,
for harged leptons, the parameter ξ is very small, but not 0 for the entral value of
experimental mτ (f. Eq. (17)). This suggests the existene of a kind of omplementarity
between neutrinos and harged leptons.
It seems worthwhile to investigate for neutrinos the strit limit of 1/ξ → 0 that implies
a new mass sum rule (49) below. Similarly, in the ase of harged leptons, the strit limit
of ξ → 0 leads to the mass sum rule (20) whih is onsistent with their experimental
masses within the unertainty limits of mτ . To this end observe that, in the limit of
1/ξ → 0, Eq. (39) gives the simplied sum rule:
mν3 =
6
25
(27mν2 − 8mν1) , (49)
implying the equality
[
6
25
(27mν2 − 8mν1)
]2
−m2ν2 = ∆m232 ≡
∆m232
∆m221
(m2ν2 −m2ν1) . (50)
Denoting
r ≡ mν2
mν1
, λ ≡ ∆m
2
32
∆m221
∼ ±30 (51)
and dividing Eq. (50) by m2ν1 , we nd the following quadrati equation for r:
(
6
25
)2
(27r − 8)2 − (1 + λ)r2 + λ = 0 . (52)
With λ ∼ 30 > 0, this equation gets two omplex sulutions for r that annot be physial.
Thus, in the strit limit of 1/ξ → 0 the neutrino mass orderings m2ν1 < m2ν2 < m2ν3 and
m2ν3 < m
2
ν2
< m2ν1 leading to λ > 0 are both exluded. On the ontrary, with λ ∼ −30 < 0,
there appear two real solutions for r:
r ∼
{ −0.46 < 0
0.81 > 0
, (53)
orresponding to
mν2 ≡ rmν1
{ −0.46mν1 < 0
0.81mν1 > 0
, (54)
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where we hoose mν1 > 0 (here and below, only two deimals are signiant as only
two are suh in λ). The requirement that all three masses mνi of ative-neutrino triplet
ν1, ν2, ν3 should have the same sign, exludes the rst solution (54). Then, only the seond
solution (54) remains as physial.
For suh a unique solution it follows that
∆m221 ≡ (r2 − 1)m2ν1 ∼ −0.35m2ν1 < 0 (55)
and so, ∆m221 ∼ −8.0 × 10−5 eV2 < 0, while ∆m232 ∼ 2.4× 10−3 eV2 > 0 as λ < 0 in this
ase. Thus, from Eq. (55)
m2ν1 ≡
∆m221
r2 − 1 ∼ 2.3× 10
−4 eV2 , (56)
m2ν2 ≡ ∆m221 +m2ν1 ∼ 1.5× 10−4 eV2 (57)
and
m2ν3 ≡ ∆m232 +m2ν2 ∼ 2.6× 10−3 eV2 . (58)
This gives ∆m231 ≡ m2ν3 −m2ν1 ∼ 2.3× 10−3 eV2 and
m2ν2 : m
2
ν1
: m2ν3 ∼ 0.65 : 1 : 11 . (59)
We an see that
m2ν2 < m
2
ν1
< m2ν3 (60)
i.e., the mass ordering of neutrino states 1 and 2 is inverted, while the position of neutrino
state 3 is normal. The hierarhy is here more moderate than in the ase of very small
mν1 (Eq. (45)). From Eqs. (56), (57) and (58) we predit that
mν1 ∼ 1.5× 10−2 eV , mν2 ∼ 1.2× 10−2 eV , mν3 ∼ 5.1× 10−2 eV , (61)
implying the proportion
mν2 : mν1 : mν3 ∼ 0.81 : 1 : 3.3 . (62)
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It is easy to hek that these masses of ative neutrinos really satisfy the mass sum rule
(49) valid in the strit limit of 1/ξ → 0. Reall that the ordering of indies i = 1, 2, 3 is
established by the form of neutrino mixing matrix U = (Uαi) transforming ative weak-
interation neutrinos να (α = e, µ, τ) into ative mass neutrinos νi (i = 1, 2, 3).
With the values (61) of mν1 and mν2 we an evaluate µξ/ζ and ε/ξ in the strit limit
of 1/ξ → 0, applying Eqs. (40) and (41) onsidered in this limit:
µξ/ζ → 29
32
(9mν2 − 4mν1) ∼ 4.5× 10−2 eV (63)
and
ε/ξ → 1− 32mν1
9mν2 − 4mν1
∼ −8.8 < 0 . (64)
Thus, µ → +0 and 1/ε → −0 when 1/ξ → +0, but only the onstants µξ/ζ and ε/ξ as
well as 1/ξ appear in the mass formula (32) whih, in the limit of 1/ξ → 0, takes the form
mνi = µ
′ρi
(
1 +
ε′
N2i
)
, (65)
where µξ/ζ → µ′ ∼ 4.5× 10−2 eV and −ε/ξ → ε′ ∼ 8.8 > 0.
Finally, not passing with 1/ξ stritly to 0, onsider 1/ξ smaller than the values in
Eq. (48) orresponding to the range mν1 ∼ (0 to 1) × 10−3 eV (Eq. (45)), where still
m2ν1 ≪ m2ν2 ≪ m2ν3 . For instane, put 1/ξ ∼ 1.8× 10−3 eV whih is the value of neutrino
1/ξ ≡ 1/ξ(ν) related to the harged-lepton ξ(l) (Eq. (17)) through the simplest form of
omplementarity: ξ(ν)ξ(l) ∼ 1 or 1/ξ(ν) ∼ ξ(l) = 1.8 × 10−3. In the ase of arbitrary 1/ξ,
we derive for the ratio r ≡ mν2/mν1 the following generalized form of Eq. (52) (the latter
being valid in the limit 1/ξ → 0):
1
(1− 10/ξ)2
(
6
25
)2
[27(1− 26/ξ)r− 8(1− 34/ξ)]2 − (1 + λ)r2 + λ = 0 , (66)
where |λ| ∼ 30. Now, onsider 1/ξ ∼ 1.8× 10−3. For λ ∼ 30, both solutions to Eq. (66)
turn out to be omplex. For λ ∼ −30, both solutions are real, but only one positive:
r ∼ 0.81 > 0 , (67)
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orresponding to mν2 ∼ 0.81mν1 (a dierene with the limiting value (53) appears at
the level of further deimals). Then, with |∆m221| ∼ 8.0 × 10−5 eV2 and |∆m232| ∼
2.4× 10−3 eV2 we obtain
m2ν1 ∼ 2.4× 10−4 eV2 , m2ν2 ∼ 1.6× 10−4 eV2 , m2ν3 ∼ 2.6× 10−4 eV2 (68)
and
mν1 ∼ 1.5× 10−2 eV , mν2 ∼ 1.3× 10−2 eV , mν3 ∼ 5.1× 10−2 eV . (69)
Thus, the mass ordering of 1 and 2 neutrino states is inverted (∆m221 ∼ −8.0×10−5 eV2),
but the position of 3 neutrino state is normal (∆m232 ∼ 2.4× 10−3 eV2 as λ < 0).
In the ase of 1/ξ ∼ 1.8× 10−3, using the values (69), we an also evaluate
µξ/ζ =
29
32
(9mν2 − 4mν1) ∼ 4.6× 10−2 eV , µ/ζ ∼ 8.3× 10−5 eV (70)
and
ε/ξ = 1− 29mν1
µξ/ζ
∼ −8.7 , ε ∼ −4800 . (71)
So, we an see that, in this ase, the results (67)  (71) at the level of two deimals are
pratially idential to those in the strit limit of 1/ξ → 0 (exept for µ/ζ and ε whih
ould not be obtained with ξ →∞).
5. Conlusions
In this paper, we have proposed a spei universal shape (1) of empirial mass formula
for all fundamental fermions: leptons ν1, ν2, ν3 and e
−, µ−, τ− as well as quarks u, c, t
and d, s, b of three generations, parametrized by four dierent sets of three free onstants
µ, ε, ξ. Mass spetra in the four ases are related to eah other by shifting the set of three
parameters µ, ε, ξ. The parameter µ plays the role of "radius" in the three-dimentional
mass spae of m1, m2, m3, while ε and ξ are onneted with "spherial angles" in this
spae. Stritly speaking, for ative neutrinos the mass formula holds in the form (32)
related (in the seesaw mehanism) to the primary mass formula (1), when the latter is
valid for neutrino Dira masses and when the matrix proportionality M (N) = ζ M (D)
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with a very large parameter ζ > 0 is assumed (for simpliity). In the mass formula (32)
the primary parameters µ and ε are replaed by µξ/ζ and ε/ξ. Note that the seesaw ζ
parameter is equal to
ζ ≡ µ
(l)
µ(ν)/ζ
µ(ν)
µ(l)
∼ 86× 10
6
(6.4 to 5.2)× 10−4
µ(ν)
µ(l)
= (1.3 to 1.7)× 1011 µ
(ν)
µ(l)
, (72)
where µ(l) = 86.0076 MeV and µ(ν)/ζ ∼ (6.4 to 5.2) × 10−4 eV for harged leptons
and neutrinos, respetively, as an be seen from our listing below. If µ(ν) ≃ µ(l), then
ζ = O(1011). If rather µ(ν) : µ(l) ≃ µ(u) : µ(d) ∼ 46 (Eqs. (23) and (24)), then ζ = O(1013).
From the mass formula (1) we have evaluated or estimated the following parameter
values:
for e−, µ−, τ− : µ = 86.0076 MeV , ε = 0.174069 , ξ = 1.8× 10−3 ,
when me = 0.510999MeV, mµ = 105.658MeV, mτ = 1776.99 MeV ,
for u , c , t : µ ∼ 13 GeV , ε ∼ 9.2 , ξ ∼ 9.2 ,
when mu ∼ 2.8 MeV , mc ∼ 1.3 GeV, mt ∼ 174GeV ,
for d , s , b : µ ∼ 280 MeV , ε ∼ 7.5 , ξ ∼ 6.9 ,
when md ∼ 6 MeV , ms ∼ 110 MeV , mb ∼ 4.3GeV ,
for ν1, ν2, ν3 :µξ/ζ∼(7.9 to 7.5)×10−2 eV, ε/ξ∼(1 to 0.61) , 1/ξ∼(8.1 to 6.9)×10−3,
[and µ/ζ∼(6.4 to 5.2)×10−4 eV, ε∼(120 to 89), ξ∼(120 to 140)] ,
when mν1∼(0 to 1)×10−3 eV, mν2∼(8.9 to 9.0)×10−3eV, mν3∼5.0×10−2 eV .
We an see that for harged leptons ξ ≃ 0 and for neutrinos 1/ξ ≃ 0 (but here they are
not exatly 0 in both ases) while for up and for down quarks ξ ≃ ε. In a way, the value
of ξ haraterizes four kinds of fundamental fermions.
For harged leptons, in the strit limit of ξ → 0, we have predited one linear relation
between me, mµ and mτ (Eq. (20)), giving mτ = 1776.80 MeV versus the experimental
value mτ = 1776.99
+0.29
−0.26 MeV, when the experimental values of me and mµ are used. For
neutrinos, in the strit limit of 1/ξ → 0, we have predited one linear relation between
mν1 , mν2 andmν3 (Eq. (49)), leading to their values (61), when the experimental estimates
|m2ν2 − m2ν1 | ∼ 8.0 × 10−5 eV2 and |m2ν3 − m2ν2 | ∼ 2.4 × 10−3 eV2 are applied. Then
m2ν2 < m
2
ν1
< m2ν3 i.e., the mass ordering of neutrino states 1 and 2 is inverted, while the
position of neutrino state 3 is normal.
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If the simplest form of omplementarity relation works between the neutrino and
harged-lepton ξ's: 1/ξ(ν) ∼ ξ(l) = 1.8 × 10−3, then the preditions for neutrinos at
the level of two deimals are pratially idential to those in the strit limit of 1/ξ(ν) → 0.
6. Theoretial bakground
Finally, the following omment is due. Although the formula (1) has essentially an
empirial harater, its attrative universality and simpliity an be onneted with a
speulative bakground based on a Kähler-like extension of the Dira equation (i.e. on
an extension of Dira's square-root proedure) whih the interested reader may nd in
Ref. [1℄. In partiular, the numbers Ni and ρi (i = 1, 2, 3) being xed elements of formula
(1) an be onstruted and interpreted in this formalism.. In fat, Ni − 1 = 0, 2, 4 is
there the number of additional bispinor indies appearing in the extended Dira equation
and obeying Fermi statistis (along with Pauli priniple) that enfores their antisym-
metrization and so, restrits to zero the related additional spin. This antisymmetrization
is also the reason, why there are preisely three Standard Model fermion generations i.e.,
Ni − 1 = 0, 2, 4 (sine any of Ni − 1 additional bispinor indies an assume four values,
what then implies that Ni − 1 ≤ 4). Thus, an analogue of Pauli priniple works here
intrinsially for Ni − 1 additional bispinor indies treated as physial objets. Besides,
there is one bispinor index, distinguishable from those additional, that must be assoiated
with the set of SU(3) × SU(2) × U(1) labels numerating 15+1 states in eah Standard
Model generation. So, there are altogether Ni = 1, 3, 5 bispinor indies treated as physial
objets that an be alled algebrai spin-1/2 partons of leptons and quarks. The other
xed elements of formula (1), the generation-weighting fators ρi = 1/29, 4/29, 24/29,
when multiplied by 29, tell us how many times the lepton or quark wave-funtions of
three generations are realized (up to the fator ±1) in the extended Dira equation.
The above piture of leptons and quarks is intrinsi in the sense that the introdued
spin-1/2 partons are entirely algebrai objets, not related to any individual positions
within leptons and quarks. Suh a piture of algebrai ompositness abstrats from the
spatial notion of familiar ompositness and remains in an ideologial analogy to the Dira
intrinsi piture of spin 1/2 that abstrats from the spatial notion of familiar angular or-
bital momentum. In our opinion, this piture of leptons and quarks is espeially attrative
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in its pure form haraterized above. It may happen, however, that in reality the bispinor
indies appearing in this piture show up only the summit of a hidden ieberg onsisting
of more familiar spatial spin-1/2 partons bound (usually) in orbital S states.
Of ourse, in spite of some hints, the proposed fundamental-fermion mass formula (1)
annot be justied on the ground of the present partile theory that, stritly speaking,
does not inlude any preditive mass theory. The role of this empirial mass formula
is just to help in nding the adequate mass theory, in partiular in the neutrino setor.
Similarly, the empirial Balmer formula for hydrogen spetrum (1885) ould not be jus-
tied on the ground of prequantal theory but, nevertheless, it inspired the disovery of
Bohr semilassial quantum onditions and, in onsequene, of quantum mehanis by
Shrödinger and Heisenberg.
As far as the problem of uniqueness in the dedution of spetral formulae from exper-
imental data is onerned, the situation of the empirial mass formula (1), espeially in
the neutrino setor, is evidently muh worse than that of the Balmer formula whih ould
be derived from very omplete and preise spetrosopi data already available then for
hydrogen. In fat, in spite of the enormous progress in neutrino physis, data on neutrino
masses are still rather impreise. In partiular, for the mass mν1 only upper limits are
estimated from tritium β deay experiments or astrophysial observations, say, mν1 < 2.3
eV or mν1 < 0.6 eV, respetively, although |∆m221| and |∆m232| are reasonably well known.
At any rate, we an expet a growing improvement in experimental estimation of |∆m221|
and |∆m232|. Generally, the neutrino physis is in a state of rapid development, and various
new results and surprises are possible.
I am indebted to Stefan Pokorski for a stimulating disussion.
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